The supercritical fluid extraction (SFE) of organic compounds and metal complexes from solid and aqueous media has become a feasible alternative separation method to solvent extraction.
A measuring method for the distribution behavior between supercritical carbon dioxide and water by a microchip was developed. A surface modification of the microchannel by dichlorodimethylsilane induced a spontaneous phase separation of the supercritical carbon dioxide and aqueous phases in the microchip. The maximum contact time of the aqueous phase to the supercritical carbon dioxide phase was obtained as 0.58 s. This device withstood pressure up to 12.8 MPa.
The distribution of tris(acetylacetonato)cobalt(III) (Co(acac)3) from the supercritical carbon dioxide phase to the aqueous phase in a microchannel could be measured. The concentration of Co(acac)3 distributed into the aqueous phase was increased by lengthening the contact time of both phases. These demonstrations showed that the method developed in this study could be used to measure the distribution behavior between supercritical carbon dioxide and water. 
Rapid Communications
the glass microchip was a 38 × 70 mm rectangle. The interflow length was 120 mm. The microchip had a guide to help to form parallel two-phase flow in the interflow region. The channel width, channel depth, and guide depth of the microchip were 160, 40, and 38 μm, respectively.
Measurements of the distribution of Co(acac)3 from the SC-CO2 phase to the aqueous phase by the two-phase microflow system were carried out in the following way. Compressed CO2 was introduced into two strainless-steel vessels, each containing 0.1 ml of a 2.75 × 10 -3 M Co(acac)3 methanol solution or 5 ml of water. SC-CO2 containing 2.75 × 10 -5 M Co(acac)3 and water saturated with CO2 were prepared in strainless-steel vessels (4a and 4b in Fig. 1 ), respectively. After standing for 30 min, the two fluids (water saturated with CO2 and 2.75 × 10 -5 M Co(acac)3 SC-CO2) were pushed out to the channel chip by SC-CO2. Each flow rate was controlled by each syringe pump. Any decrease in the Co(acac)3 concentration with SC-CO2 was ignorable during the measurement. The absorption spectrum of the aqueous phase flowing from the outlet of the microchannel was measured with a UV/Vis spectrophotometer. The pressure in a flow channel was controlled by a back-pressure regulator. Two stainless-steel vessels and a microchip were thermostated at 318 K using a water bath and a thermostated plate, respectively. The temperature of the microchip was monitored with an infrared thermometer. The surface of the outlet channel for a SC-CO2 phase was chemically modified with a dimethysilane group in a similar manner as reported previously. Figure 2 shows photographs of the two-phase (SC-CO2/water) flow near the junction of the outlet side of the microchannel. The aqueous phase was colored using a porphyrin reagent. In the microchannel without any surface modification, the aqueous flow invaded the upper channel for the SC-CO2 phase at the end junction of the microchannel (Fig. 2b) . This result explains that the naked glass surface is hydrophilic, and has a tendency to become wet by water. On the other hand, stable two-phase flow was formed in a microchannel partially modified with dichlorodimethylsilane (Fig. 2d ). An invasion of each phase flow into the other channel was not observed over the entire microchannel. This result was caused by an enhancement of the surface hydrophobicity of the microchannel. A similar effect of the surface modification on the stabilization of the two-phase (heptane/water or air/water) flow in the microchannel has already been reported by some researchers. 8, 9 The longest contact time of water to SC-CO2 was obtained as 0.58 s with flow rates of 74 μl min -1 for SC-CO2 and 37 μl min -1 for water. A slower flow of water did not cause stable two-phase flow in the microchannel due to the generation of pulse flow by the back-pressure regulator. This device withstood pressure up to 12.8 MPa. The pressure and the temperature were controlled to within ±0.2 MPa and ±0.2 K, respectively.
Results and Discussion
The distributions of Co(acac)3 between SC-CO2 and water were measured using the microchannel at 10 MPa and 318 K. The flow rates of water and SC-CO2 were set to 37 and 74 μl min -1 , respectively, or 74 and 111 μl min -1 , respectively. The former and the later conditions gave the contact times of the aqueous phase to the SC-CO2 phase as 0.58 and 0.29 s, respectively. Figure 3 shows the absorption spectra of the aqueous phase flowing from the outlet of the microchannel after contacting SC-CO2.
The absorption spectra obtained demonstrates that Co(acac)3 was distributed from SC-CO2 to water by the contact of both phases in the microchannel. The Co(acac)3 concentrations in the aqueous phase at contact times of 0.29 and 0.58 s were calculated from the absorbance as 2.6 × 10 -6 and 8.3 × 10 -6 M, respectively. The absorbance of Co(acac)3 at 0.58 s was higher than that at 0.29 s. It is thought that more Co(acac)3 defused from SC-CO2 to water due to the longer contact time.
In conclusion, we succeeded, for the first time, to form parallel SC-CO2/water two-phase flow in a microchannel. Although further modifications are necessary, the distribution behavior of Co(acac)3 from the SC-CO2 phase to the aqueous phase onto a microchip could be measured using the microfluidic device developed in this study. The present device is difficult to measure the distribution behavior from the aqueous phase to the SC-CO2 phase, since the aqueous phase is pushed out by SC-CO2 into the microchannel. If compressed nitrogen gas can be used to push out the aqueous phase instead of SC-CO2, the distribution behavior from the aqueous phase to the SC-CO2 phase can be measured using this method. The method developed in the present study allows us to control the contact time between SC-CO2 and water by changing the flow rates of both phases. Therefore, this may promote further development concerning the investigation of the extraction kinetics in SFE. 
